Objective: To assess functional capacity during exercise in children and adolescents with post-infectious bronchiolitis obliterans (PIBO). 
Introduction
Post-infectious bronchiolitis obliterans (PIBO) is a chronic lung disease that results from some type of aggression to the lower respiratory tract in previously healthy children. From the pathological perspective, PIBO is characterized by obstruction of the lumen with granulation tissue, inflammation and fibrosis with obliteration of small airways and bronchiectasis. 1 Functional assessment of PIBO patients at rest demonstrate airflow limitation, characterizing an obstructive ventilatory disorder that is generally severe and irreversible. 2 This airflow restriction can limit physical activity levels (PAL) among these individuals.
Exercise capacity testing is considered part of the multidimensional assessment of patients with chronic lung disease, since it objectively evaluates cardiac, respiratory, muscular, and metabolic systems. 3, 4 In this context, cardiopulmonary exercise testing (CPET) is considered the gold standard for investigating the causes of exercise intolerance. 3, 5 There are few studies evaluating the pulmonary function of PIBO patients during exercise. Considering the importance of PAL in children and adolescents, particularly those with respiratory problems, and in view of the lack of scientific knowledge on the functional behavior of these individuals during exercise, the aim of this study is to assess their functional capacity during exercise.
Methods
Children and adolescents aged 8 to 16 years old and with previous diagnosis of PIBO were enrolled. They were in follow-up at the pediatric pulmonology outpatient clinic from one of two hospitals, Hospital Materno Infantil Presidente Var- for plethysmography.
Physical Activity Questionnaire
The full version of the International Physical Activity Questionnaire (IPAQ) was applied by interview. The time spent performing the different IPAQ domains was calculated from the product of the duration (minutes/day) and the frequency (days/week) patients reported for each activity type and then, from these results, they were categorized as having low, moderate or intense PAL.
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Submaximal exercise test
The 6MWT was conducted in accordance with ATS recommendations. 13 In common with pulmonary function tests, 14 In order to assess maximum heart rate during the 6MWT
and CPET, an estimated heart rate formula was employed, based on patient's age [205 -(0.5 x age in years)].
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Maximal exercise test
Cardiopulmonary exercise testing was conducted by a cardiologist proficient in the method, with the aid of a pediatric pulmonologist and a physiotherapist. Tests were carried out in accordance with ATS and the American College of Chest Physicians recommendations. 5 All tests were performed during the morning, at room temperature of 22 to 24 ºC and relative humidity of aproximately 60%.
Maximal cardiopulmonary testing was carried out using a The following variables were analyzed (breath by breath) using a previously validated system: 16 patients, accepting an alpha error of 5% and a beta error of 20%, correlations were accepted at r ≥ 0.6.
Results
A total of 73 children with PIBO were in follow-up at the two institutions. Of these, 20 met the inclusion criteria and took part in the study. Their mean age was 11 years, and 70%
were male. In terms of nutritional status, the majority were well-nourished (16 patients), three were classified as malnourished and one as overweight.
The IPAQ results classified 17 patients (85%) as active (four with intense PAL), three (15%) were classified as not very active and none of the patients were classified as sedentary. No correlations were observed between PAL and peak oxygen consumption (r = 0.14/p = 0.57).
When compared to the reference population, these patients exhibited reduced forced flows on spirometry, and increased volumes on plethysmography (Table 1 ).
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Three patients did not perform the CPET because they did not attend their appointments. Three of the 17 who did undergo CPET exhibited dyspnea and an important fall in saturation at the end of the test. None of the subjects exhibited abnormalities on electrocardiogram before, during or after exercising, and the respiratory quotient (R) reached a mean of 1.0±0.6. Mean peak VO 2 (absolute value) was reduced in comparison with reference values (1.2±0.5 vs. 1.7±0.6; p = 0.00). This reduction is more evident when mean percentage of the predicted value is compared with the cutoff point of normality (≥ 84%) 17 ( Table 1 ).
All of the individuals completed the 6MWT. The mean distance covered was shorter than for the reference population When we analyzed HR, RR and the Borg scale after the exercise test, we observed that these parameters were significantly higher in the CPET than in the 6MWT. There was a transitory drop in saturation of more than 4% in three patients in the 6MWT and in 12 patients in the CPET. A reduction in PEF (> 15%) was observed in three individuals in the 6MWT and three individuals during the CPET. On average, for the CPET versus the 6MWT, patients reached 90 versus 60% of maximum heart rate ( Table 2) .
Regarding correlations between CPET and pulmonary function tests at rest (Table 3) Table 3) . out a study on 38 children with moderate to severe asthma and found that 24 patients had lower exercise capacity than healthy population. 23 However, other studies that also included patients with moderate to severe asthma have found that these patients can have a normal exercise capacity. 4, 24 Studies in children and adolescents with cystic fibrosis, a limited exercise capacity is generally associated with worse pulmonary function. Although these parameters correlate to each other, these correlations vary greatly between them, particularly between peak VO 2 and FEV 1 , two indicators that showed a good correlation in our study (Figure 1) . In children and adolescents, this variability can be justified by the existence of other factors related to exercise capacity, such as height, weight, puberal stage and PAL. Consequently, it is not possible to predict physical fitness solely by means of pulmonary function tests at rest.
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The functional characteristics of our patients, at rest, are not different from those found in other studies with PIBO, that is, characteristics of an obstructive respiratory disorder. 2, 26, 27 Correlations found in this study between peak VO 2 and FEV 1 and FVC with RV/TLC suggests that, in patients with PIBO, the greater the air trapping, the greater the compromise of pulmonary capacity during exercise. Nevertheless, other studies done with respiratory patients have not demonstrated the association between physical capacity and pulmonary function findings. 4, [28] [29] [30] Mocelin et al. applied the 6MWT as a submaximal test, using the same protocol we used here, to assess exercise capacity in a sample of 19 patients with PIBO. 31 The most important findings of that study were that 37% of the patients exhibited a fall in oxygen saturation during the test and that the total distance walked did not correlate with spirometric data. In our study, just 15% of the patients exhibited a reduction in SaO 2 during the 6MWT. Despite the operational advantages of the 6MWT, it does not offer the possibility of measuring the intensity needed to perform prolonged exercise, nor of quantifying its limiting factors or defining co-existing pathophysiologic mechanisms; for these purposes, CPET is the method of choice. 3, 5, 32 As would be expected, when submitted to CPET, our patients exhibited significantly higher HR, RR and Borg values, and also a greater drop in saturation compared to the 6MWT. These findings are similar to what can be found in other studies using incremental testing in patients with chronic respiratory conditions. Therefore, it appears to us that maximal testing (CPET with progressive increase of the workload) can induce higher results in cardiorespiratory variables and, consequently, provide a wider range of clinically relevant data when compared with a submaximal test such as the 6MWT. 33 Some authors recommend assessing PAL using standardized questionnaires. 34, 35 However, there is conflicting evidence in the literature on the association between oxygen consumption and reported habitual PAL. 17, 20 Added to this is the scarcity of this type of instruments in Brazil, particularly for younger population. 36 In this situation, researchers have to use questionnaires designed for adults, like the IPAQ. In our study, the IPAQ results patients with PIBO did not correlate with exercise test results. We believe that the absence of specific domains for activities that children take part of and the resulting under/overestimation of other activities is the main cause of these results.
The principal limitation of our study is the lack of a control group with which to compare the exercise testing results. This would also compensate for the relatively small number of patients, which limits plausible inferences that could be made 
